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porosity in the range of about 70% to 98% within said polymeric support, 

at least one ion exchange resin filling said microstructure such that said composite 
membrane issair impermeable, said composite membrane having a thickness of at most 0.8 mils 
and an ionic conductance rate of at least 5.1 |imhos/min. 

joO The composite nifcmbrane of claim L0(C wherein said polymeric support is a polyolefin. 

The composite membrania of claim Jjlkj^ wherein said polymeric support is a fluorinated 
polymer. 

n 

j The composite membrane of claim wherein said polymeric support is a chlorinated 

polymer. 

/*/ 

\Qj> jj94T The composite membrane of claim Kfl^ wherein said fluorinated polymer is 
polytetrafluoroethylene. 

10} 

The composite membrane of claim j^C wherein said polytetrafluoroethylene is expanded 
polytetrafluoroethylene. 

n 

fd!T~lfi& The composite membrane of claim >0O, wherein said polymeric support is a polyamide. 

n 

j0(? }&f. The composite membrane of claim wherein said polymeric support is a 
polycarbonate. 
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The composite membrane of claim LO^wherein said microstructure includes nodes 
interconnected with fibrils. 

The cohraosite membrane of claim wherein said microstructure includes nodes 
interconnected with fibrils. 

?? 

The composite membrane of claim wherein the thickness of said composite 
\ membrane is in the range ofbetween 0.06 and 0.8 mils. 

(° com P os i te membrane of clahn wherein the thickness of said composite 

U membrane is in the range ofbetween aboHt 0.5 and 0.8 mils. 

l( ( \¥l. The composite membrane of claim wherein the thickness of said composite 
membrane is at most 0.5 mils. 

H2^ The composite membrane of claim \JdO, wherein said atjeast one ion exchange resin 

comprises a mixture of ion exchange resins. 

?? 

//3 W^. The composite membrane of claim IXKf, wherein said at least oneion exchange resin 
comprises a perfluorinated sulfonic acid resin. 

77 



{flj y&. The composite membrane of claim wherein said at least one ion 
comprises a perfluorinated carboxylic acid resin. 



exchange resin 
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I O }>$o. The composite membrane of claim >0O7 wherein said at least one ion exchange resin 
chqiprises a polyvinyl alcohol. 

1 1(» Jsff. The coftjposite membrane of claim wf, wherein said at least one ion exchange resin 
comprises a diviny^ benzene resin. 

X 3 

111 ^ e com P os ite membrane of claim \&0, wherein said at least one ion exchange resin 

comprises a styrene-based polymer. 

\[% The composite membrane of claimed, wherein said at least one ion exchange resin 

further comprises metal salts with or withou^a polymer. 

I j ^ The composite membrane of claim >t3, wherein said mixture of ion exchange resins 

includes at least two of a perfluorinated sulfonic acid resin, a perfluorinated carboxylic acid 
resin, a polyvinyl alcohol resin, a divinyl benzene resin or a\Styrene-based polymer. 

v 

1 10 A2f. The composite membrane of claim Jirtf, wherein said at leasr^ne ion exchange resin is a 
perfluorosulfonic acid/tetrafluoroethylene copolymer resin. 

rr 

}%\ The composite membrane of claim J#6, further comprising a reinforcement backing 

bonded to a side thereof. 
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An integral substantially air occlusive integral composite membrane having a polymeric 
sup^rt with a microstructure of pores, said microstructure filled with an ion exchange resin, 
said composite membrane has an ionic conductance rate of at least 5.1 |nmhos/min, said 
composite membrane prepared by, 

(a) providing^ polymeric support having a microstructure of micropores; 

(b) sequentially applying an ion exchange resin solution to each major surface of said 
polymeric support; and 

(c) repeating step (b) until saichmicropores are sufficiently filled with ion exchange 
resin to form an air occlusive integral composite membrane. 

L2C The composite membrane of claim wherein said step (b) further includes, 

(bl) drying said support after each application of ioi^ exchange resin solution to remove 
solvent from said solution. 

The composite membrane of claim J2^, wherein said step (b)\ncludes at least three 
successive applications of said ion exchange resin solution. 

The composite membrane of claim J23s wherein said step (b) includes^at least four 
successive applications of said ion exchange resin solution. 



\lJo The composite membrane of claim 12^, wherein said step (b) includes at leak three 
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^successive applications of said ion exchange resin solution, each followed by a drying step. 

y&f. The composite membrane of claim J25^ wherein said step (b) includes at least four 
successiv\applications of said ion exchange resin solution, each followed by a drying step. 

The composite membrane of claim < J237 wherein said support comprises a polyolefin. 
\ 

\H pt). The composite membrane of claim wherein said support comprises a fluorinated 
polymer. 

M° The composite membrane of claim ^2^7 wherein said support comprises a chlorinated 
polymer. 

\£\ 

I $1 J#2. The composite membrane of claim j^tf, ^herein said fluorinated polymer is 
polytetrafluoroethylene. 

pi 

) $7~-l%$. The composite membrane of claim J^2, wherein s^i polytetrafluoroethylene is expanded 
polytetrafluoroethylene. 

;53 J^T The composite membrane of claim wherein said suppoi^ comprises a poly amide. 
) 5>7 The composite membrane of claim J^5, wherein said support comprises a polycarbonate. 

The composite membrane of claim ]2>(i, where said microstructure includes nodes 
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i'bb ]%T. The^somposite membrane of claim \2&, having a thickness in the range between 0.06 and 
0.8 mils. 

|&7 I2rff. The composite membrane of claim 127, having a thickness in the range of between about 
0.5 and at most 0.8 mils. 



\V 1^ The composite membrane ofblaim \2fl, having a thickness of at most about 0.5 mils 



cr w 

}3\ ptfi. The composite membrane of claim^^, wherein said ion exchange resin is a mixture of 



resins. 



\ W \#C. The composite membrane of claim whereuv said ion exchange resin is a 
perfluorinated sulfonic acid resin. 

| \\ | The composite membrane of claim U^/fwherein said drying is conducted at about room 

temperature. 

iMZ'i^f. The composite membrane of claim ]2ff, wherein said ion exchange resin solution is 
applied in the presence of a surfactant. 

\2S 

1 4^ J^C The composite membrane of claim wherein said ion exchange resimsolution is 
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A method of preparing a substantially air occlusive integral composite comprising: 
(a) providing a polymeric support having/a microstructure of micropores; 




(b) sequentially applying a^ion exch^n^e resin solution to each major surface of said 
polymeric support; and 

(c) repeating step (b) jintil said micropores are sufficiently filled with ion exchange 
resin to form an air occlusive /integral compp^ite membrane which has an ionic conductance 
rate of at least 5.1 (imhos/mi^ 

life The method of claim WF5, wherein/said spp (b) includes at least three successive 
applications of said ion exchangeresirj' sjrflution. 

^ >tf If 

l yhyn. The method of claim 145, wherein said step (b) includes at least four successive 

applications of said ion exchang^resin solution. 

/ // 1>#£ The method of claim J^^j^herein said step (b) inphdSTaTte^st two successive 
applications of said ion ex^^rige resin ^d^^Qdioh followed 6>^a)drying step. 

The method of claim /Ut3, wherein said step (b) includes at least three successive 
applications of said ion/exchange resin solution, each followed by a drying step. 
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The method of claim wherein said provMftxg step (a) comprises providing as said 
polymeric support a polyolefin support. 



aid prqfviditig step (a) comprises providing as said 



Is J^T. The method of claim MS, wherein 

polymeric support a fluorinated polymer suppjbrt 

lb l J^2. The method of claim )A5, wherein said nfcovijding step (a) comprises providing as said 
polymeric support a chlorinated polymer : 

y)\* The method of claim wherein said fluorinated polymer is polytetrafluoroethylene. 



1 55 The method of claim >55, wherein s&id polytetrafluoroethylene is expanded 

polytetrafluoroethylene. 

r* N * I I L 

\y 7 1^! The method of claim J^ 5 wherein saip providing step (a) comprises providing as said 
polymeric support a polyamide. j 

i " Jit). The method of claim J^5, wherein/sai^5roviding step (a) composes providing as said 
polymeric support a polycarbonate/ 

)J? ^J^V. The method of claim ]A5, where said microstructure includes nodes interconnected with 
fibrils. 
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id composite membrane has a thickness within the 
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The method of claim ]A5, whereir 
range of 0.06 to 0.8 mils. 

/-^ J*#T The method of claim J>5^wherein said composite membrane has a thickness within the 
range of 0.5 to 0.8 mils. 

The method of claim W5, wherein said composite membrane has a thickness of at most 
^ 0.5 mils. 



The method of claim 



wherein 



exchange resin is a mixture of resins. 



l&( y#d. The method of claim wherein Aaid ion exchange resin is a perfluorinated sulfonic 
acid resin. 



if, 



\b\A%$* The method of claim wherein said at least three successive applications of said ion 
exchange solution include alternate applications of said resin solution to a first side of said 
support and then to a second sidp of said support. 

/ A fuel cell including aiy ulira-thin, air imper 

said composite membrane comprish; 



-integral composite membrane; 



a polymeric support qavfing a nncrostructure of micropores, said microstructure defining a 



porosity in the range of a 



iut/70% to 95% within said polymeric support, 
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at least one ion exchange resin filling said microstrupture such that said composite 
membrane is air impermeable, ^icTfcojnposite membrane having a thickness of at most 0.8 
mils. 



si. I & 

W )&>. The fuel cell of claim WC, wherein 



The fuel cell of claim L65, whereir 



said polymeric support is a fluorinated polymer, 
said fluorinated polymer is polytetrafluoroethylene. 



HZ 



^ \iU The fuel cell oij claim }Jm, wherei^i sj^d microstructure includes from nodes 



interconnected with fibrils. 



/&7 The fuel cell of claim Wherein said composite membrane has a thickness in the range 



of between 0.06 and at most 0;8/mils. 

-f Ml 

>69. The fuel cell of claim^S, wherein said composite membrane has a thickness of at most 
0.5 mils. 



yfO. The fuel cell of claim/ X?8/ wherein; 
mixture of ion exchange^resi 




xchange resin comprises a 



J 7^ yrf. The fuel cell of claim yii^fwherein said at least one ion exchange resin comprises a 
perfluorinated sulfonid^ld resin. 
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n step (b) is performed in the presence of a 




The method according to 
surfactant. 

The composite membrane of claim J/Kf, wherein the thickness of said composite 
igmbrane is at most 0.4 mils. 

The composite membrane of claim wherein the thickness of said composite 
membrane is at most 0.3 mils. 

I 7*/ The composite membrahe of claim \XS, wherein the thickness of said composite 

membrane is at most 0.2 mils. 



C 



1 75 J^fo. The composite membrane of claim }%0, wherein the thickness of said composite 



membrane is at most 0.1 mils. 



/3fr 



) 7^ Jtff. The composite membrane of claim ]#f, whereuV the thickness of said composite 
membrane is at most 0.4 mils. 

The composite membrane of claim i37^ wherein the thickness of said composite 
membrane is at most 0.3 mils. 

The composite membrane of claim l#f, wherein the thickness of s^id composite 
membrane is at most 0.2 mils. 
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7T J*8(f. The composite membrane of claim Jif'/f wherein the thickness of said composite 
membrane is at mo§t 0. 1 mils. 
J#f. The composite me^brap^ofclaim wherein said step (b) further includes, 

(bl) drying said sa^ort after each application of ion exchange resin solution to remove 
solvent from saij^solution. 

)f7 

l$\}>&. The composite membrane of claim J^f£, wherein the thickness of said composite 
m^snbrane is at most 0.4 mils. 

Thecohmosite membrane of claim Ji^^vherein the thickness of said composite 
membrane is atW>st 0.3 mils. 

I $ The composite membrane of claim \%$^ wherein the thickness of said composite 

membrane is at most 0.2 mita 

\ )S1 ■ \ 

)$\ The composite membrane of ckim X#£ wherein the thickness of said composite 

membrane is at most 0.1 mils. \ 

Vi&. The composite membrane of claim tdo^herein the thickness of said composite 
membrane is at most 0.4 mils. 
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